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l The importance and effectiveness of the appropriate use 
of automobile restraints by young children has been empha- 
sized in several studies. Once the child has entered the 
emergency care system, however, restraint use may not be 
the best predictor of injury severity. This study was under- 
taken to investigate the relationship of restraint status to 
morbidity and mortality in children examined in a hospital 
emergency facility following involvment in a motor vehicle 
crash (MVC). The emergency room charts of 101 children 
under 18 years of age, who were victims of MVCs, were 
reviewed and the following trauma scores were calculated: 
Glascow Coma Scale, Pediatric Trauma Score, Revised 
Trauma Score, Injury Severity Score, and Maximum Abbrevi- 
ated Injury Score. In addition, the Traffic Accident Damage 
(TAD) score, an estimate of crash severity determined by the 
police at the accident scene, was recorded. The patients were 
age stratified as follows: 0 to 4 years (n = 24). 5 to 11 years 
(n = 29). and 12 to 17 years (n = 48). Fifty patients were 
appropriately restrained at the time of the crash. There was a 
significant correlation between mean trauma scores and 
mean TAD codes (P c .05). There were no significant differ- 
ences in mean trauma scores between improperly restrained 
(n = 11) and unrestrained (n = 40) children (P > .05) across 
all age groups, and these children were grouped together as 
“unrestrained” in further analyses. In the 0 to 4 age group, 
there were no significant differences in mean trauma scores 
between restrained and improperly restrained or unre- 
strained children in contrast to the 5 to 11 and the 12 to 17 
age groups. There were no significant difference between the 
distribution of restrained and unrestrained victims with 
regard to mean TAD scores (P = .5224) in the 0 to 4 age 
group. This study demonstrates a close correlation between 
mean trauma scores and vehicle deformity in all age groups, 
and shows that mean trauma scores appear to be indepen- 
dent of restraint use for the 0 to 4-year-old age subset. 
Therefore, a police-assigned crash severity score, such as the 
TAD, may be useful in the initial triage of pediatric trauma 
victims to an appropriate hospital or trauma center. 
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states have passed laws regarding mandatory automo- 
bile restraint usage by children in an effort to reduce 
the injuries associated with motor vehicle crashes 
(MVCs), and subsequent studies have documented 
the beneficial effects of these mandates.4-11 In conjunc- 
tion with these efforts, there has been a considerable 
amount of research spent on developing effective 
automobile child restraints.i2J3 In spite of the devel- 
opment of special pediatric restraints, no restraint 
system can be 100% effective in preventing morbidity 
and mortality in every type of crash; and, in some 
instances, the restraint itself, particularly a lap belt, 
can be a source of significant injury to the child.14-1x 
Misuse of child restraints can also lead to injury.1y~20 
Therefore, it should not be assumed that restrained 
children will not be injured, particularly in the more 
severe crashes. In addition, some studies of re- 
strained children, especially of children less than 4 
years of age, have demonstrated significant injury 
following MVCs, which raises questions concerning 
the efficacy of these restraints in this age group.‘*%” 
However, a lower risk of injury to restrained children 
should be expected within the entire population of 
MVC victims, and the same should be expected 
among those entering the emergency medical care 
system. 
This study investigates the likelihood of injury 
among restrained and unrestrained children, exam- 
ined in a hospital emergency facility, by analyzing the 
relationship between trauma scores, Traffic Accident 
Deformity codes, and the use of appropriate re- 
straints in three different age groups: 0 to 4, 5 to 11, 
and 12 to 17 years of age. We hypothesized that the 
use of appropriate automobile restraints in children 
would result in significantly lower trauma scores than 
in children who were either improperly restrained or 
unrestrained. 
MATERIALS AND METHODS 
The study cohort consisted of 101 children less than 18 years of 
age who were evaluated in the emergency department of a 
university hospital with level I trauma center capabilities between 
June 1990 and March 1991 for trauma associated with MVCs. The 
patients’ emergency room charts were reviewed and from these the 
following trauma severity scores were calculated: Glascow Coma 
Scale (GCS),2Z Pediatric Trauma Score (PTS),r3 Revised Trauma 
Score (RTS),24 Maximum Abreviated Injury Score (MAIS),25.26 
Injury Severity Score (ISS),27 and predicted mortality using the 
Trauma Scores and Injury Severity Score (TRISS)28 methodology. 
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The patients were stratified according to the following age catego- 
ries: 0 to 4 years (n = 24) 5 to 11 (n = 29), and 12 to 17 (n = 48). 
Parent/patient interviews were carried out and Traffic Accident 
Damage (TAD) codes were obtained from copies of the State of 
Michigan Official Traffic Accident Report for each accident. The 
TAD rating system in Michigan consists of a 7-point scale, with 
higher scores indicative of more severe vehicle deformation. TAD 
scores (as coded by the police at the accident scene on the State of 
Michigan Official Traffic Accident Report) were grouped into 
three categories as follows: a low severity crash was coded 0, 1, or 2; 
a moderately severe crash was coded 3, 4, or 5; and severe crash 
was coded 6 or 7. The following information was obtained from 
these reports: use of restraint by victim, type of restraint employed, 
patient position in the vehicle, and TAD code. 
Specific injuries sustained by each child were coded using the 
Abbreviated Injury Scale (AIS-85). The AIS is an anatomically 
based system that classifies individual injuries by body region on a 
6-point ordinal severity scale ranging from AIS = 1 (minor) to 
AIS = 6 (Untreatable).?” The MAIS is the single highest Abbrevi- 
ated Injury Scale (AIS-85) code for children with multiple injuries; 
for children with only one injury the AIS is the same as the MAIS. 
The ISS, a summary of the severity score for anatomic injuries, was 
calculated using the personal computer injury coding software 
program ‘Tri-Code’.3n 
Properly restrained patients were defined as those children using 
government-approved safety restraints according to both position 
in car and age (ie, front seat passengers with both lapbelts and 
shoulder harnesses secured, lapbelts for children in rear seats, and 
infants in restraint devices secured in proper position as directed 
by the manufacturer). Improperly restrained children included the 
following situations: two persons secured by the same seatbelt, the 
shoulder harness placed behind the child and not securing an 
infant seat with the car’s lapbelt or not placing the infant in the 
correct position in the restraint, ie, front facing for a rear-facing 
device. 
Emergency room costs included hospital and physician fees, 
while inpatient costs did not include physician fees. 
Statistical analysis was performed on the Michigan Interactive 
Data Analysis System (MIDAS) using Student’s t test, x2 analysis, 
and analysis of variance with Pvalues < 0.05 considered significant. 
RESULTS 
The 101 patients were stratified into the following 
three age groups: 0 to 4 years (n = 24), 5 to 11 years 
(n = 29), and 12 to 17 years (n = 48). There were 45 
boys and 56 girls. Eighteen of the patients were 
involved in an accident in which alcohol was a factor. 
Fifty-three patients were discharged home following 
evaluation in the emergency room, while 48 patients 
were subsequently admitted to the hospital. Six chil- 
dren died. Fifty patients were identified as being 
properly restrained, 40 children used no restraint, 
while the remaining 11 were improperly restrained 
(Table 1). 
Mean trauma severity scores, hospital costs, and 
length of hospital stay were correlated with TAD 
codes (Table 2). Higher TAD codes correlated with 
more severe mean trauma severity scores, a longer 
mean length of hospital stay, an increased emergency 
room cost, and increased inpatient hospital costs. 
There were no significant differences in mean 
Table 1. Demographic Data 



































trauma severity scores between those children improp- 
erly restrained (n = 11) and those not restrained 
(n = 40) at th e rme of the accident across all age t’ 
groups (Table 3), and these children were grouped 
together as “unrestrained” in further analysis. 
Contrary to our hypothesis, there were no signifi- 
cant differences in mean trauma severity scores within 
the 0 to 4-year age range between restrained and 
unrestrained children (P > .05). In contrast, there 
were significant differences in the mean trauma 
severity scores between restrained and unrestrained 
children in both the 5 to 11 and 12 to 17 year age 
groupings (P < .OS) (Table 4). 
There were no significant differences in the TAD 
codes between the restrained and unrestrained chil- 
dren in the 0 to 4 year age group (P = S224) (Table 5). 
DISCUSSION 
Numerous studies31-33 have evaluated various 
trauma scoring systems in the pediatric population 
Table 2. Trauma Score Correlation With Traffic Accident Damage 
Code (n = 101) 
Traffic Accident Damage Code 
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Table 3. Trauma Scores in Improperly Restrained and Unrestrained 
Children (n = 51) 



































Age Use LOW Moderate Severe 2’ Value 
O-4 yr (n = 24) Yes 3 7 4 .5224 
NO 1 4 5 
5-11 yr (n = 27) Yes 3 9 1 .OOlO 
NO 0 6 8 
12-17yr (n = 48) Yes 5 11 6 .0495 
No 2 8 16 
for use in assessing injury severity, determining the 
most sensitive and specific indicator of trauma in 
children and for use as a field triage tool. The Major 
Trauma Outcome Study helped establish the RTS as 
an effective physiological indicator of injury severity 
and the ISS as an effective anatomical indicator of 
injury severity. 34 Recently, the PTS has been evalu- 
ated as an effective tool in assessing trauma severity 
in children.23 
Improper use of restraints (eg, two persons with 
one belt, not securing an infant seat properly, placing 
front seat in reclining position with shoulder belt 
behind a child’s back) yielded mean trauma severity 
scores not significantly different from those experi- 
enced by children unrestrained. This suggests that the 
development of foolproof, passive restraint systems 
for children, as well as adults, is a goal not yet realized 
by automobile safety engineers. 
There has been extensive development and assess- 
ment of infant and child restraint devices over the 
past two decades. Development of effective passive 
restraint systems, shoulder belts, harnesses, and air 
bags are testimony to the effort put forth by automo- 
bile manufacturers in this regard. However, trauma 
continues to be one of the leading causes of morbidity 
and mortality in children, with motor vehicle trauma 
the highest single cause of injury in children. 
This study has demonstrated the relationship which 
exists between trauma severity scores, TAD codes, 
and the use of vehicle restraints in children. There 
exists a significant relationship between TAD codes 
and trauma severity scores, with more severe trauma 
associated with a higher TAD rating. Also, the length 
of hospital stay, emergency room costs, and inpatient 
hospital costs are directly correlated with the TAD 
codes. This gives credence to the fact that the TAD 
codes assigned by police officers are excellent predic- 
tors of injury severity in children involved in these 
accidents. 
The most interesting finding of this study is that, in 
the 0 to 4-year age group (n = 24), trauma severity 
scores were not significantly different between re- 
strained and unrestrained children. In contrast, there 
were significant differences in trauma severity scores 
in both the 5 to 11 and 12 to 17 age groups between 
unrestrained and restrained passengers. Trauma 
scores were first developed for assessment of injuries 
in the adult population and were subsequently ap- 
plied to children. There have been numerous studies 
which indicate that the RTS, PTS, and MAJS are 
excellent indicators of injury severity in children. 
Therefore, the absence of this difference in the 0 to 4 
age group is not due to the insensitivity of the trauma 
severity scores in children. 
In conclusion, this study demonstrates a close 
correlation between mean trauma scores and vehicle 
deformity in all age groups, and shows that mean 
trauma scores appear to be independent of restraint 
useage for the 0 to 4-year old age subset. Therefore, a 
police-assigned crash severity score, such as the TAD, 
may be useful in the initial triage of pediatric trauma 
victims to an appropriate hospital or trauma center. 
Table 4. Trauma Scores in Restrained and Unrestrained Children by Age 
Age Range 
0 to 4 years (n = 24) 5 to 11 years (n = 29) 12 to 17 years (n = 48) 
Trauma 
scores R (14) UR (101 PValue Ri14) UR (15) P Value R (22) UR (26) P Value 
GCS 14.1 13.1 .5189 15.0 11.6 .0128 14.5 12.5 .0542 
PTS 9.4 8.8 .6818 11.4 8.3 .0052 11.3 9.0 .0050 
RTS 7.2 7.2 .9874 7.7 6.6 -0449 7.7 7.0 .0882 
TRISS 93.4 95.1 .8367 99.7 92.5 .1703 99.6 93.2 .1459 
ISS (MTOS) 3.3 6.0 .3445 2.3 8.4 .0031 2.6 8.8 .OOll 
MAIS 1.36 1.9 .2745 1.29 2.67 -0016 1.46 2.42 .0067 
Abbreviations: R, restrained; UR, unrestrained. 
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